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Abstract  
       Theoretical study of the effect of methyl and hydroxyl subgroups on the electronic structure of 
biphenyl molecule was performed using DFT with B3LYP/6-31G(d, p)basis set. The optimized structures, 
total energies, energy gaps, electrochemical hardness, Fermi level, molecular symmetry, dipole moment, 
dipole polarizability and the infrared spectrum frequencies were calculated. The results showed that the 
total energy of the two groups of molecules is independent on the position of the subgroup in the molecule 
but depends only on the number of the added subgroups. On the other hand, the energy gap, Fermi level 
and the electrochemical hardness are varied with the position of the added subgroups. 
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ةصلاخلا 
        ةلادلا عم ةفاثكلا ةيلاد ةيرظن قيبطتب لينيف يئانث ةئيزجل ينورتكللاا بيكرتلا ىمع ليسكورديهلاو ليثملا عيماجم ريثأتل ةيرظن ةسارد
يل ةنيجهلا-غناي- ساسا لاودو ثلاثلا تلاماعملا تاذ راب6-31G(p, d)  ,ةقاطلا تاوجف ,ةيمكلا تاقاطلا ,ىمثملا بيكارتلا باسح مت .
اتنلا تنيب .ءارمحلا تحت ةعشلاا فيط تاددرتو ةيباطقتسلاا ,بطقلا يئانث مزع ,يئيزجلا لثامتلا ,يمريف يوتسم ,ةيئايميكورهكلا ةدلاصلا جئ
ةفاضملا ةعومجملا عضوم ىمع دمتعت لا تائيزجلا يتعومجمل ةيمكلا ةقاطلا نا  بناج نم .ةفاضملا عيماجملا ددع ىمع طقف دمتعت امناو
.ةفاضملا عيماجملا عقوم ريغت عم ريغتت ةيئايميكورهكلا ةدلاصلاو يمريف يوتسم ,ةقاطلا ةوجف نأف رخآ 
 
ةيحاتفملا تاممكلاةيباطقتسلااو يمريف يوتسم ,ةقاطلا ةوجف ,نامبوك ةيرظن :. 
Introduction 
        In the last years, wide interest in organic materials are growing in view of their 
ability to many kinds of applications [Denniston, et al., 2007]. Organic material is a 
material that contains carbon and hydrogen and usually other elements such as nitrogen, 
sulfur and oxygen covalently bound to other atoms[Ponce-Espinosa, et al., 2014]. From 
organic compounds which studied in the present work is biphenyl compound. Biphenyl 
compound is an aromatic hydrocarbon with a molecular formula (C6H5)2. It is  used in 
organic syntheses, heat transfer fluids, dye carriers, food preservatives, as an intermediate 
for polychlorinated biphenyls, and as a fungistat in the packaging of citrus fruits 
[Yoshitane Imai, et al., 2006]. The aim of the present work is study the effect of methyl 
and hydroxide subgroups on the electronic structure of biphenyl compound. 
  
Computational details 
In the present work, the effect of methyl (CH3) and hydroxide (OH) subgroups on the 
electronic structure of biphenyl compound is studied by using Density functionl theory 
(DFT) employing Gaussian 09 suite of programs [Frisch, et al., 2009]. Density functional 
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theory (DFT) is a quantum mechanical modeling method used in physics and chemistry 
to investigate the electronic structure (principally the ground state) of many-body 
systems, in particular atoms, molecules, and the condensed phases. With this theory, the 
properties of many-electron system can be determined by using functionals, which in this 
case is the spatially dependent electron density [Dreizler, et al., 1990]. DFT is an 
extremely successful approach for the description of ground state properties of metals, 
semiconductors, and insulators [Klaus capelle, 2006]. Figure (1) represents the molecules 
under this study. The molecular properties of the compounds have been computed by 
DFT using the standard 6-31G(d,p) basis set. In the DFT calculations the Lee, Yang and 
Parr correlation functional [Lee et al.,1988] is used together with Becke’s three 
parameters [Becke, 1988] exchange functional B3LYP. Conformational analysis of the 
molecules has been performed to have an idea about the lowest energy structures of the 
species. The geometry optimization was performed at the B3LYP density functional 
theory with the same basis set [Frisch, et al., 2009; Becke, 1993]. Harmonic vibration 
frequencies were computed at the same level of theory. The hybrid functional B3LYP has 
shown to be highly successful 
for calculation the electronic properties such as ionization potentials, electronic states 
and energy gaps [Engelberts, et al;2005;.Santos, et al.,2004; Santos, et al., 2005].  
 
              Iso methylbiphenyl                                                     Meta methylbiphenyl 
 
Para methylbiphenyl                                                    Iso hydroxide biphenyl 
 
 
 
 
 
 
 
Meta hydroxide biphenyl                                          Para hydroxide biphenyl 
Figure 1. Structures of methylbiphenyl and hydroxide biphenyl. 
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Results and Discussion 
        The total energies, symmetry of structures, Fermi level, hardness and energy gaps 
for molecules calculated by DFT-B3LYP levels with the 6-31G(d, p) basis set are listed 
in table (1). 
Table (1) Total energy, Energy gap, Fermi level, Hardness and Symmetry. 
 
Properties 
CH3 mol. OH mol. 
Iso Meta Para Iso Meta Para 
Total energy (a.u) -750.7406 -750.744 -750.7405 -822.5084 -822.5101 -822.5062 
Energy gap (eV) 4.822 4.633 4.827 4.699 4.554 4.508 
Fermi level (eV) 5.449 5.425 5.483 5.640 5.436 5.681 
Hardness (eV) 5.031 4.897 5.046 5.013 4.848 4.899 
Symmetry C1 C1 C1 C1 C1 C1 
 
       From Table (1), we can see that the total energies for methyl-biphenyl molecules are 
approximately the same, also the group of  hydroxide-biphenyl molecules have 
approximately the same value of total energy in which this refers to that the total energy 
depends on the number of radicals added to the ring and independent on the position of 
the CH3 and OH  radicals in the ring, as we see in figure (2). The influence of the effects 
of the subgroups added to the biphenyl molecules on the energy gap was illustrated in 
figure (3), we showed that the calculated value of energy gap depends on the type of the 
subgroup and it is position in the biphenyl ring. Meta methylbiphenyl has the smallest 
value of energy gap in comparison with iso- and para- methylbiphenyl. While for 
hydroxyl biphenyl molecules group, we observed that the para hydroxyl biphenyl has the 
lowest value of energy gap. In short wards, the orders of energy gap of the two groups are 
meta methylbiphenyl ˂ iso methylbiphenyl ˂ para methylbiphenyl, and para hydroxyl 
biphenyl ˂ meta hydroxyl biphenyl ˂ iso hydroxyl biphenyl. The calculated theoretical 
values of  Fermi energy for the two groups of molecules showed that they are in the order 
of meta ˂ iso ˂ para, as shown in figure (4). These results are not coming from the 
HOMO and LUMO of the molecules but reflect of the effect of the position of the 
subgroup in the molecule. The results of electrochemical hardness in figure (5) also 
indicate to the effect of the position of subgroups in the molecule. Table 1 shows also the 
symmetry of studied molecules, Were we can see that the type of the symmetry is C1, 
this means that studied molecules have only one symmetry operation.  
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Figure (2) The relation between total energy and molecular length for studied 
molecules. 
 
 
 
Figure (3) The relation between energy gap and molecular length for studied 
molecules. 
740
750
760
770
780
790
800
810
820
830
0 1 2 3 4
T
o
ta
l 
e
n
er
g
y
 (
 a
.u
 )
 
Molecular length (nm) 
CH3 subgroup
OH subgroup
4.45
4.5
4.55
4.6
4.65
4.7
4.75
4.8
4.85
0 1 2 3 4
 E
g
 (
eV
) 
Moleculer length (nm) 
CH3 subgroup
OH subgroup
Journal of Babylon University/Pure and Applied Sciences/ No.(1)/ Vol.(26): 2018 
 
205 
 
 
 
Figure (4) The relation between Fermi level and molecular length for studied 
molecules. 
 
 
 
Figure (5) The relation between hardness and molecular length for studied 
molecules. 
       The molecules dipole moment represents a generalized measure of bond properties 
and charge densities in a molecule [Salzner, et al., 1997]. Molecule with electron 
accepter group due to better charge distribution and increasing distance have higher 
dipole moment[Oftadeh et al; 2011], from table (2) we can see that all substitution groups 
lead to change in the values of the dipole moments, in which the biphenyl molecule has 
no dipole moment and it is planar in the space, adding the subgroups leads to variety the 
symmetrical distribution of the electronic structure of the molecule and, therefore, change 
the dipole moment, as we see in Table 2. In the two groups of molecules, the para state 
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has the highest value of dipole moment. The effect of subgroups on the polarizability of 
the biphenyl observed that the meta state for both groups has the high value of average 
polarizability.  
 
Table 2: calculated total dipole moment μ (Debye), components of ⍺i (i = xx, yy, zz) 
and average of the dipole polarizability <α> in (a. u) for studied molecules. 
CH3 
mol. 
µ Polarizability OH 
mol. 
µ Polarizability 
αxx αyy αzz <α> αxx αyy αzz <α> 
Iso 2.508 338.703 155.954 108.072 200.909 Iso 5.149 328.298 145.466 87.897 187.220 
Meta 2.175 356.742 168.908 92.190 205.946 Meta 5.063 337.453 156.745 76.108 190.102 
Para 2.651 324.366 159.073 114.515 199.318 Para 6.311 316.274 148.333 92.283 185.63 
 
        The theoretical IR spectra, calculated from the vibration frequencies at the optimized 
geometries of all studied molecules are given in fig. (6). The harmonic vibration 
frequencies calculated for molecules under study at B3LYP level using the 6-31G(d, p) 
basis sets. By comparing the IR spectrum of methylbiphenyl and hydroxide biphenyl 
molecules in figure (6), it will be noted that the differences between them, where 
hydroxide biphenyl molecule has vibration larger than of methylbiphenyl molecule, this 
result is due to the geometry of  hydroxide biphenyl molecule. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Journal of Babylon University/Pure and Applied Sciences/ No.(1)/ Vol.(26): 2018 
 
207 
 
 
Iso methylbiphenyl                                        Iso hydroxidebiphenyl 
 
 
  Meta methylbiphenyl                                         Meta  hydroxidebiphenyl 
 
 
Para methylbiphenyl                                      Para hydroxidebiphenyl 
 
Figure 6: The calculated IR spectral frequencies for molecules under study. 
 
 
Conclusions 
Density Functional Theory (DFT) study has been carried out on biphenyl compound. 
The calculated electronic properties such as total energy, energy gap, Fermi level, 
electrochemical hardness and symmetry were calculated by DFT-B3LYP levels, the 
important conclusions are: 
The total energy of the studied structures is independent on the position of the added 
subgroups in the biphenyl molecule, the total energy depends on the number of added 
subgroups only. The energy gap, Fermi level and electrochemical hardness for methyl 
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biphenyl and hydroxide biphenyl molecules varied with the position of the methyl and 
hydroxyl subgroups in the molecule. The symmetry of studied molecules is C1, means 
adding the subgroups leads to change the symmetry of the molecule, in which, the 
biphenyl has high symmetry, while the new structures have C1 low symmetries. By 
comparing the IR spectrum of methyl biphenyl and hydroxide biphenyl molecules, we 
can see that hydroxide biphenyl molecules has vibrational frequencies larger than that of 
methyl biphenyl molecules. 
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